Introduction and hypothesis The aim was to compare constriction of the levator hiatus (LH) and reduction of pelvic floor muscle (PFM) length during instruction of the Paula method (contraction of ring musculature of the mouth) and contraction of the PFM. Methods Seventeen pregnant or postpartum women, mean age 28.6 (range 20-35) participated. A Voluson E8 ultrasound machine with 4-8 MHz curved array 3D/4D transducer (RAB 4-7l/obstetric) was used. Measurements were performed in the axial plane of minimal hiatal dimensions. Muscle length was calculated as circumference of the LH minus the suprapubic arch. Differences between groups were analyzed using Wilcoxon signed rank test. Significance level was set to 0.05. Results There was a significant reduction of the LH area (p< 0.001) and muscle length (p<0.001) during PFM contraction, but not during contraction according to the Paula method, p= 0.51 and p=0.31, respectively. Conclusions The Paula method did not facilitate PFM contraction.
Introduction
Kegel [1] was the first to report effect of pelvic floor muscle training (PFMT) to treat urinary incontinence and pelvic organ prolapse. Today, there is Level A evidence that pelvic floor muscle training (PFMT) can effectively treat stress (SUI) and mixed urinary incontinence, and it is recommended as first line treatment for these conditions [2, 3] . Cure rates, measured as <2 g of leakage on pad testing varies between 44% and 80% in randomized controlled trials (RCTs) [4] .
The evidence is based on specific strength training protocols for the PFM, and so far, no RCTs have documented that the PFM can be trained indirectly by other muscle groups of the body [3] . In 1993, a training system named the "Paula method" was developed [5] . The theory behind this method is that all sphincters in the body work simultaneously and that exercising the ring musculature of the mouth, eyes, or nose will result in strengthening of the PFM. A pilot study showed that exercising according to the Paula method gave significant improvement in SUI measured by pad testing and Quality of life (QoL) comparing pre-and post-test results within the Paula group [6] . No effect was found in improvement of PFM strength, neither after the Paula method nor the home PFMT.
The PFM surround the pelvic openings and during a voluntary contraction, they constrict the urethra and increase urethral closure pressure, lift the pelvic organs inside the pelvis, stabilize and prevent descent during rise in intra-abdominal pressure [7] [8] [9] , and constrict the levator hiatus (LH) [9, 10] . Reduction of the LH area and muscle length can be used to measure the effectiveness of a single PFM contraction as this has to be due to shortening of the muscle fibers. If the Paula method works, instruction of contracting the ring muscles of the mouth should give a significant constriction of the LH. Several studies have shown that >30% of women with urinary incontinence are not able to perform a correct PFM contraction at their first consultation [11] [12] [13] . If contracting around the mouth gives a co-contraction of the PFM with constriction of the LH, it can be used as a training method in women who are not able to correctly contract the PFM.
The aims of the present study were:
1. To assess whether contraction of the muscles around the mouth (Paula method) gives a significant constriction of the LH and reduction of PFM length 2. To compare the Paula method with ordinary instruction of PFM contraction to assess which method gives the most significant reduction of LHarea and muscle length.
Methods

Design
This was an experimental study with the participants being their own controls. Consecutive women attending an ongoing cohort assessing changes in the PFM from gestational week 20 till 12 months postpartum and a RCT assessing effect of PFMT postpartum were recruited for the study. Inclusion criteria were ability to perform a correct PFM contraction evaluated by vaginal palpation. Exclusion criterion was inability to understand instructions given in Scandinavian language.
The data examined for this project were obtained in the context of the ongoing cohort and RCT of postpartum PFMT. The study followed the Helsinki declaration and was approved by the Regional Medical Ethics Committee and the Norwegian Social Science Data Services. All subjects gave written informed consent to participate.
Sample size calculation
Power calculation was based on a previously published study comparing the effect of contracting abdominal muscles with voluntary PFM contraction on the LH [14] . In that study, 13 participants was a sufficient sample size showing statistically significant differences with a power of 80% and a significance level of <0.05. The difference in constriction of LH area was 3.3 cm 2 (95% CI, 1.35-5.25) in favor of the PFM contraction [14] . To allow for possible missing data, we decided to include at least 15 participants within a timeframe of 2 months in the present study.
Instruction of PFM contraction and contraction of the ring muscles of the mouth The participants were instructed and taught to perform a correct PFM contraction. Correct PFM contraction was defined as an inward lift and squeeze around the pelvic openings and assured with vaginal palpation in crook-lying position [1] . Contraction of the ring muscles of the mouth was taught according to Liebergall-Wischnitzer et al. [6] , and a correct contraction was assessed by the gynecologist and the physical therapist.
Measurement of PFM strength
PFM strength was evaluated by a vaginal balloon catheter (ballon size 6.7×1.7 cm) connected to a high-precision pressure transducer (Camtech AS, Sandvika, Norway) [15] [16] [17] . Maximum voluntary contraction was calculated as the strongest of three attempts. This method has been found to be reliable and valid if used with simultaneous observation of inward movement of the catheter/perineum during PFM contraction [16] . PFM endurance was defined as a sustained maximal contraction and was quantified during the first 10 s as the area under the curve (cmH 2 Osec) [18] .
Ultrasound assessment
A Voluson E8 ultrasound machine (GE Healthcare, Oslo, Norway) with 4-8 MHz curved array 3D/4D transducer (RAB 4-7 l/obstetric) was used. The field of view angle was set to its maximum of 70°in the sagittal plane and volume acquisition angle to 85°in the coronal plane (frame rate was approximately 2 Hz).
Procedure
Participants were instructed to void before the examination. Ability to contract the PFM was assessed by vaginal palpation and visual observation of inward movement of the perineum by the physical therapist (PT) (GH) [16] .
After instruction of PFM contraction and constriction of the mouth in a crook-lying position, one gynecologist (JSJ) performed the ultrasound examinations. One PT (GH) gave instructions to all the participants and supervised the test procedure. The ultrasound transducer was covered with a condom and directed cranially on the perineum. The ring muscles of the mouth and the PFM were contracted in random order. Three contractions of each maneuver were undertaken. The strongest contraction, defined as the one with the smallest anterior-posterior LH length on ultrasound, was used for statistical analysis.
Ultrasound analyses
Analyses of 4D real time volumes were conducted offline on a laptop by one investigator (JSJ) using the software "4D View v 6.2" (GE Healthcare, Oslo, Norway). Measurements were performed in the axial plane of minimal hiatal dimensions (Fig. 1) . The area of LH was measured as the area bordered by the pubovisceral muscle, symphysis pubis, and inferior pubic ramus. The plane of minimal hiatal dimensions was identified as the minimal distance between the hyperechogenic posterior aspect of the pubic bone (PB) and the hyperechogenic anterior border of the puborectal muscle at the anorectal angle [9, 19] . Muscle length was calculated as circumference of the LH minus the suprapubic arch [9, 19] . Intra-tester reliability of constriction of LH area during PFM contraction has been found to be very good to good [9] . Measurements of the muscle length demonstrated good reliability at rest and fair reliability during contraction [9] .
Statistical analysis
Background variables are reported as frequencies or means with standard deviation (SD). Reduction in LH area and muscle length during contraction of PFM and during contraction of the ring muscles of the mouth (Paula method) are given as means with 95% CI. Differences in reduction of LH area and muscle length when comparing PFM contraction and the Paula method are reported as means with 95% confidence intervals (CI). Wilcoxon signed rank test is used to test differences between the two maneuvers. P value is set to <0.05.
Results
Seventeen women (eight nulliparous pregnant women at gestational week 22 and nine primiparous women at 6 weeks postpartum) participated in the study. All were able to perform correct PFM contraction. Mean age of the participants was 28.6 years (range 20-35) and mean BMI was 25.8 (SD 2.8). Mean PFM strength and endurance was 25.8 cm H 2 O (SD 11.7) and 188.7 cmH 2 Osec (SD 78.9), respectively.
LH area and muscle length at rest and when performing contraction of the ring muscles of the mouth and contraction of the PFM, respectively, and the difference between the two maneuvers are shown in Table 1 . A statistically significant mean constriction of the LH area of 2.4 cm 2 (95% CI, −3.4-−1.5), was shown during PFM contraction (p<0.001), but not during the Paula method (p=0.51). The LH area was significantly more constricted during PFM contraction compared to the Paula method (Table 1) .
Muscle length was significantly reduced by mean 1.7 cm (95% CI, −2.3-−1.2) during PFM contraction (p<0.001), but not during the Paula method (p=0.31). There was a statistically significant difference between the two maneuvers in favor of instruction to contract the PFM (Table 1) .
Discussion
This experimental study explored narrowing of the LH area and reduction of muscle length during instructed contraction of the ring muscles around the mouth (Paula method) versus instructed PFM contraction, using 4D transperineal ultrasound. No effect of contracting the ring muscles was found. Instruction to contract the PFM gave an expected statistically significant narrowing of the LH area and a reduction of muscle length.
The strengths of the present study were that all women were thoroughly taught how to perform the Fig. 1 Ultrasound measurements in the axial plane of minimal hiatal dimensions. The levator hiatus area (LH area) is bordered by the black line. The pubovisceral muscle length is drawn as a white dotted line. PB pubic bone, U urethra, V vagina, R rectum contractions, and all participants were examined whether they could perform both maneuvers. The two maneuvers were done in random order, and measurements were done with a perineal ultrasound method with high face validity measuring the actual response of the PFM inside the pelvis. The method has shown to be reproducible [9, [19] [20] [21] and valid [22] . Possible limitations were nonblinding of the observer and that assessment of the Paula method was limited to only one of more possible muscle groups.
Former studies using the same ultrasound assessment methodology have demonstrated a statistically significant constriction of the LH and reduction of muscle length during instruction of PFM contraction in asymptomatic women [9] and in women with pelvic organ prolapse [23] . An expected variance between different populations in these parameters has been found. Our study included both nulliparous pregnant women and postpartum women but was not powered to compare differences between these two groups. With only eight and nine pregnant and postpartum women, respectively, our data cannot serve as normative values for these two populations of women. It may, however, be used for power calculations for important future studies to establish normal values for these groups. The aims of the present study were to assess whether there was a co-contraction of the PFM when the participants were instructed to contract the ring muscles of the mouth (Paula method) and to investigate the magnitude of a PFM response between these two maneuvers. Since there was no knowledge whether instruction of the Paula method would affect the pelvic floor before starting the study, we based the included number on a previous study on abdominal contraction. A post priori power calculation, based on our results, showed that with a difference between the two methods of 2.3 (SD 1.5) and 1.6 (SD 0.9) for LH area and muscle length, respectively, the power to detect differences in both variables is >99%.
The Paula method is developed and used by midwifes [6] , and our population was selected to match one of the target groups for interventions using the Paula method. By including both nulliparous pregnant and postpartum women, our study sample covers women with very weak, but also presumably non-injured stronger muscles. The high standard deviation of muscle strength and endurance confers the heterogeneity of the group. However, a huge variation in PFM strength confers with results of other studies in this area [3, 18, 23] . The fact that there was no significant effect on any of the participants following the Paula method supports some ability to generalize our results. However, if future RCTs are planned in this area, it may be interesting to assess a possible effect in pregnant and postpartum women separately. In addition, we have not assessed whether instruction of the Paula method can facilitate a co-contraction in women unable to contract the PFM.
Data from a published RCT showed statistically significant improvement in quality of life and reduction of leakage in SUI women after both the Paula method and home PFMT [6] . However, in this trial, the group randomized to the Paula method also did PFMT, which may explain that some improvement was found from preto post-test. No comparisons between the groups were reported, and the true effect of the Paula method is therefore still unknown. The present study cast doubt that the Paula method can be effective in facilitating PFM contraction as no reduction of the LH area or muscle length was found. If the Paula method is effective, it may therefore be mediated by other factors than the PFM. However, this needs to be shown in high-quality RCTs comparing the results between, and not within, groups.
Our aim was to evaluate the theoretical background for the Paula method. We chose contraction of the ring muscles of the mouth as we consider this a stronger stimulus than contracting the muscles around the eyes. We did not find any support for the theory that contracting the ring muscles of the mouth facilitates co-contraction of the PFM, using a reliable method to assess LH area constriction and reduction of muscle length [9, 19] . Former studies have found that instruction to contract the PFM is significantly more effective than instruction to contract other muscles such as the abdominals [14, 24] , and that the PFM are not significantly co-contracting during yoga and Pilates exercise [25] . This is in line with general strength training theory [26, 27] . PFMT has shown to be effective to treat SUI and mixed incontinence in several high-quality RCTs, systematic reviews, and meta-analysis, and PFMT is recommended first line treatment for SUI and mixed incontinence [2, 3] . In spite of this, there seems to be some interest in exploring alternative exercise programs to improve pelvic floor function [6, 28, 29] . To date, there are two rationales for PFMT; voluntary contraction of the PFM before and during increase in intra-abdominal pressure [30] and strength training [23, 31] . Both these theories have strong evidence from experimental anatomy studies and have proven to be effective in RCTs [2, 3] . They can therefore be used interchangeably or one by one according to the patients' aims, needs, and abilities.
In conclusion, assessment with 4D perineal ultrasound showed that contracting the ring muscles of the mouth (Paula method) did not constrict the LH area or change muscle length. The results of the present study cast doubt that the Paula method can facilitate PFM contraction and does not support the use of the method in clinical practice.
